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Introduction:
Heart failure is a leading cause of mortality worldwide. An initial event such as hypertension or cardiac ischemia can lead to an intermediate hypertrophic phenotype of the heart, which may eventually deteriorate into failure. An increased expression of several antioxidant genes has been detected in the early stage of heart failure.
Hypertrophic hearts initially contain higher levels of superoxide dismutase (SOD), glutathione peroxidase and total glutathione (Dhalla et al., 1996; Gupta and Singal, 1989; Hill and Singal, 1996; Singh et al., 1995) . Patients with dilated or hypertrophic cardiomyopathy show an increased expression of NAD(P)H : quinone oxidoreductase 1 (NQO1) (Hwang et al., 2000) . Levels of SOD and the GSH to GSSG ratio both decrease when hearts transition from hypertrophy to failure (Dhalla et al., 1996; Gupta and Singal, 1989; Singh et al., 1995) . The loss of antioxidant reservoir is observed in the late stage of heart failure. The molecules controlling the adaptive response associated with the early stage of cardiac hypertrophy remain unidentified.
NF-E2 related factor-2 (Nrf2) is a bZIP transcription factor that binds and activates the Antioxidant Response Element (ARE) after heterodimerizing with a binding partner. Many antioxidant and detoxification-related genes contain the ARE in the promoters, such as glutathione S-transferases, hemeoxygenase-1, SOD1, and thioredoxin (Lee et al., 2003) . Activation of Nrf2 transcription factor has been linked to cytoprotection (Jaiswal, 2004; Lee et al., 2005; Nguyen et al., 2003) . The inducers of Nrf2 activation come in a variety of forms, from natural product isothiocyanates and This article has not been copyedited and formatted. The final version may differ from this version. coumarin to toxicants such as metals and quinones (Nguyen et al., 2003) . Although Nrf2-mediated ARE activation has been studied in multiple tissues, this pathway has not been well characterized in the heart.
As a transcription factor, Nrf2 level and activity are regulated at several levels: transcription, degradation, translocation and post-translational modifications such as phosphorylation (Huang et al., 2000; Huang et al., 2002; Kong et al., 2001; Kwak et al., 2003; Nioi and Hayes, 2004; Zhang and Hannink, 2003) . A positive feedback loop through an ARE-like element in the promoter has been shown to regulate Nrf2 gene transcription in the cellular response to the anti-cancer agent 3H-1,2-dithiole-3-thione (Kwak et al., 2002) . Nrf2 can be phosphorylated at Ser40 in vitro by protein kinase C (Huang et al., 2002) . There is evidence that PI3-kinase and ERKs regulate the phosphorylation and therefore the activity of Nrf2 (Kang et al., 2000; Zhang et al., 2006 ).
An important mechanism controlling the increase of Nrf2 protein level is through a decreased rate of Nrf2 protein degradation. Keap1, an inhibitor of Nrf2, is known to bind Nrf2 and hold it in the cytoplasm, where Keap1 recruits an E3 ubiquitin ligase, resulting in Nrf2 ubiquitination and therefore degradation by the proteasome (Zhang and Hannink, 2003) . Disrupting the interaction with Keap1 causes stabilization of Nrf2 (Jaiswal, 2004; Lee and Johnson, 2004; Motohashi and Yamamoto, 2004; Nguyen et al., 2003 (Purdom-Dickinson et al., 2006) . A rapid increase of Nrf2 protein level has been observed with oxidant exposure in cardiomyocytes. We address here the critical regulatory mechanism controlling the rapid increase of Nrf2 protein.
This article has not been copyedited and formatted. The final version may differ from this version. was cotransfected with Renilla-luciferase plasmid (0.04 µg) using Fugene 6 transfection reagent (Roche) as described previously (Purdom-Dickinson et al., 2006) . To test the effect of PI3-Kinase inhibition, dominant-negative p85 (0.2 µg) or corresponding empty vector (generous gifts from Dr. Wataru Ogawa) was included in the transfection. Firefly luciferase and Renilla luciferase were measured using a Dual Luciferase Assay System (Promega) and a Luminometer (Turner Designs).
Cardiomyocytes were transfected with two difference siRNA sequences against eIF4E (Ambion catalogue #16704, ID #56139 and #56229) using oligofectamine This article has not been copyedited and formatted. The final version may differ from this version. knockdown of eIF4E expression.
Western Blot Protocol: Cytosolic lysates were obtained using extraction buffer (1% Triton X-100, 10 mM Tris, pH 7.4, 5 mM EDTA, 50 mM NaCl, 50 mM NaF, and freshly added 2 mM DTT, 1 mM Na 2 VO 3 , 1 mM phenylmethylsulfonyl fluoride, 100 µg/mL leupeptin and 10 µg/mL aprotinin) and retaining the supernatant after 10 min centrifugation at 13,000 g. Statistics: Statistical analyses were performed using one-way analysis of variance (ANOVA) followed by Bonferroni analysis for cross comparisons with Stata 8.2
software. Each group of means that is not significantly different from each other is indicated by a common letter symbol. Therefore, means in the "a" group are significantly different than means in the "b" group, and so on.
This article has not been copyedited and formatted. The final version may differ from this version. (Fig. 3A) . The results failed to show elevated Nrf2 mRNA with H 2 O 2 treatment (Fig. 3A) . As a comparison, the positive control, i.e. cardiomyocytes infected with replication-deficient adenoviral constructs encoding Nrf2, showed higher levels of Nrf2 mRNA (Fig. 3B) . Real time RTThis article has not been copyedited and formatted. The final version may differ from this version. (Fig. 5 ). An increase in the intensity of the band with H 2 O 2 treatment indicates an increase in newly-translated Nrf2 protein (Fig. 5) . Quantification of band intensities indicates 2.0 + 0.4 fold induction of newly synthesized Nrf2 protein by H 2 O 2 treatment from three independent experiments. As expected, CXM efficiently blocked Nrf2 as well as background protein synthesis (Fig. 5A ). The increase in Nrf2 was weakened by the presence of LY294002 (Fig. 5A) , showing an average 50% inhibition by LY294002
based on the intensities of the bands compared to that of H 2 O 2 treatment alone in three independent experiments (Fig. 5B) PI3 Kinase generally activates several intermediates that eventually funnel through p70S6-Kinase, which then phosphorylates the ribosomal protein S6 important for the assembly of 43S pre-initiation complex (Fingar and Blenis, 2004; Gingras et al., 2001 ). H 2 O 2 treatment caused p70S6 Kinase activation (Tu et al., 2002) . Inhibiting PI3
Kinase with LY294002 or wortmannin blocked p70S6 Kinase phosphorylation (Tu et al., This article has not been copyedited and formatted. The final version may differ from this version. (Fig. 6 ). This phosphorylation remained detectable 2 hr after H 2 O 2 treatment (Fig. 6 ). In comparison, phosphorylation of eIF2α appeared within 10 mins of H 2 O 2 treatment (Fig. 6 ). The level of eIF2α phosphorylation returned to baseline 2 hrs after H 2 O 2 treatment (Fig. 6 ). It appears that eIF2α phosphorylation occurred earlier than eIF4E phosphorylation and the time course of eIF2α phosphorylation is consistent with Nrf2 induction.
When inhibitors of PI3 Kinase were tested for phosphorylation of eIF4E or eIF2α, LY294002 appeared to inhibit phosphorylation of eIF4E and eIF2α (Fig. 7) . For reasons unknown, wortmannin induced the level and phosphorylation of eIF4E and eIF2α in the controls (Fig. 7) . To test which translational pathway mediates Nrf2 protein synthesis, we used siRNA against eIF4E. Since siRNA against eIF2α was not available, we used a specific inhibitor of eIF2α dephosphorylation, salubrinal, which enhances eIF2α activity (Boyce et al., 2005) . Although levels of eIF4E protein were reduced about 50% using siRNA, Nrf2 accumulation was unaffected as shown by the intensities of the bands (Fig.   8A ). Salubrinal alone induced eIF2α phosphorylation similar to the level of H 2 O 2 This article has not been copyedited and formatted. The final version may differ from this version. (Fig. 8B ). These data point to a complex mechanism of translational control of Nrf2 protein.
This article has not been copyedited and formatted. The final version may differ from this version. (Jaiswal, 2004; Kong et al., 2001; Motohashi and Yamamoto, 2004; Nguyen et al., 2003) , a key piece of experimental evidence used overexpression approaches with a Nrf2 transgene that does not contain 5' untranslated region (UTR) (Zhang and Hannink, 2003) . the Kozak sequence, is GCC(A/G)CCAUGG in most genes; and 4) joining of a large 60S subunit to assemble a complete (80S) ribosome. The eIF4E acts as a recruiter that first locates and sits on the 5' cap structure to attract the binding of the 43S pre-initiation complex (Gingras et al., 1999; Holcik and Sonenberg, 2005; Preiss and M, 2003 ).
An Internal Ribosomal Entry Site (IRES) promotes the binding of 40S ribosome
to an internal portion of the mRNA to initiate translation in 3 -5% mRNA species.
Although IRES mediated protein translation was first discovered with viral proteins, Increasing evidence suggests that a rapid onset of selective protein translation serves as an important mechanism for cells to deal with stress (Holcik and Sonenberg, 2005; Sheikh and Fornace, 1999) . IRES mediated protein translation enables cells to express a small number of proteins while the overall protein synthesis through 5' m 7 GpppN cap dependent mechanism has been shut down to conserve energy. There is evidence that in certain experimental systems eIF2α phosphorylation is critical for IRES dependent translation. Amino acid depletion, UV irradiation, viral infection, heat shock, hypoxia and endoplasmic reticulum (ER) stress have been shown to induce eIF2α phosphorylation and selective protein translation through IRES (Holcik and Sonenberg, 2005) . The kinases that phosphorylate eIF2α include the general control nonderepressible-2 (GCN2), protein kinase RNA (PKR), heme-regulated inhibitor kinase (HRI), and PKR-like ER kinase (PERK) (Holcik and Sonenberg, 2005) . There is evidence that PERK participates in Nrf2 expression under an ER stress condition (Cullinan and Diehl, 2004 
